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Prevalence and Risk Factors for Low Habitual Walking speed in Nursing Homes 37 38
Low habitual walking speed is an independent predictor of many adverse outcomes in older 39 age including disability, cognitive impairment, institutionalisation, falls, and/or mortality.
1,2 Habitual 40 walking speed is also a very simple, quick and easily obtained clinical measure that has similar 41 predictive ability to larger composite tools including the Short Physical Performance Battery 42 (SPPB).
1-3
43
Older adults who transition into nursing homes (residential aged care) commonly do so due to 44 a loss of physical and/or cognitive function that makes it increasingly difficult for them to live within 45 the community. 4 Possible determinants of this physical decline include the age-related loss in muscle 46 mass, muscle strength and physical performance, termed sarcopenia 5 and their very sedentary 47 lifestyles. 6 The European Working Group on Sarcopenia in Older People recommend using habitual 48 walking speed obtained over short distances (2.4-8 m) as the physical performance measure for 49 diagnosing sarcopenia. 5 Habitual walking speeds < 0.8 m/s indicate reduced physical performance, 5 a 50 value almost identical to the 0.82 m/s cut off identified by Stanaway et al. 7 as predictive of death 51 within two years among men aged 70 or older. As older adults' physical performance decreases with 52 age, [8] [9] [10] [11] Weidung et al. 12 re-examined these walking speed thresholds for those over 80 years of age, 53 an age group that is more similar to that of most nursing homes. Weidung et al. 12 identified 0.5 m/s as 54 the threshold for increased adverse effects in this age group, suggesting that 0.5 m/s may be a more 55 sensitive walking speed threshold for those in nursing homes. 56
Walking speed also declines with older adults' level of care.
2,13 Meta-analyses indicate mean 57 walking speed declines from 0.74 m/s in ambulatory hospital patients (out-patients), to 0.53 m/s in 58 sub-acute hospital patients, with acute hospital in-patients and ambulatory nursing homes residents 59 having walking speeds of 0.46 and 0.48 m/s, respectively.
2,13 However, the authors of these meta-60 analyses acknowledged that many of the reviewed studies provided limited data on their sampling 61 strategy or utilized non-randomly selected samples, meaning the participants in these studies mayM A N U S C R I P T
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4 presented in these meta-analyses therefore may overestimate mean habitual walking speed and 64 underestimate the true prevalence of reduced physical performance. 65
Several studies have sought to identify risk factors for low walking speed in older adults, [14] [15] [16] 66 although most have assessed community-dwelling adults and only considered a small number of 67 potential risk factors. Kim et al. 16 found that the time to complete a variety of balance and lower body 68 strength tasks (tandem walk, alternate step and 5-time repeated chair stands) distinguished faster and 69 slower walkers in community-dwelling adults. No such studies have directly assessed the ability of 70 current and historical demographic, health and functional variables to predict the walking speed of 71 nursing homes residents. McGough et al. 17 provides some insight, reporting that walking speed was 72 significantly correlated to the SPPB summary score (r = 0.66) and the modified Berg balance test (r = 73 0.73) among 31 nursing homes residents with dementia. However, as walking speed is one of the 74 three assessments comprising the SPPB, a positive relationship should exist between the summary 75 score and walking speed. 76
The primary aims of this study were to access a randomly selected sample of residents living 77 in nursing homes to: 1) quantify their habitual walking speed; and 2) estimate their prevalence of low 78 habitual walking speed (assessed at thresholds of 0.8 m/s and 0.5 m/s).
5,12 A secondary aim was to 79 gain some preliminary insight into whether demographic, health and functional outcomes were 80 predictive of walking speed in this population. 81
82
Methods 83
Study design and recruitment 84
A cross-sectional study utilising stratified random sampling was performed to address the 85 research aims. A full description of the study design including participant eligibility and recruitment 86 is provided in the published study protocol. 18 In brief, 11 purposefully selected nursing homes within 87 one care organisation in (Removed for blinding) were identified and invited to participate during late 88 2012 and early 2013. 18 Of the total population of 709 residents in these 11 nursing homes, 381 eligible 89 residents were identified and 273 participants were randomly invited to participate. Random selection 90 of eligible participants was undertaken using a random number generatorM A N U S C R I P T
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(http://stattrek.com/statistics/random-number-generator.aspx). Resident inclusion criteria were: 1) 60 92 years or older; 2) residing in a nursing home; 3) able to self-ambulate 5m with or without a walking 93 aid; and 4) able to provide informed consent, or if unable, proxy informed consent obtained from a 94 substitute decision maker. Exclusion criteria included: 1) had a pacemaker due to reported 95 contraindications to bioelectrical impedance analysis; 2) end-stage palliative; 3) behavioral issues that 96 would affect data collection; or 4) any medical or other issue e.g. incommunicable deafness, 97 significantly advanced dementia, two person transfer or a comatose status etc that would limit data 98
collection. 99
Eligible participants were randomly selected within three strata of care (low care, high care or 100 residing in a secure dementia ward). The definition of the classification of residents into low care or 101 high care is based on the Australian Aged Care Funding Instrument (ACFI) score that comprises 102 individual assessments for multiple activities of daily living, behavioural issues and complex health 103 criteria items. The recommendation for particular residents to reside in in the dementia wards is 104 independent of the ACFI score and reflects the assessment of the resident by nursing staff and 105 discussions with the residents' family. The study was approved by the human ethics committees 106 (institutional review boards) of the (Removed for blinding). 107
Data Collection 108
All measures used in the study have been validated for use among old and very old adults, 109 with the study protocol and burden reported elsewhere. 18 All assessments were completed in a single 110 session per participant. For low care participants, the research assistant conducted all data collection 111 without assistance, whereas for high care and dementia participants, a member of the nursing home 112 staff assisted the research assistant during the assessments. To reduce any potential burden during the 113 assessments, participants were encouraged to rest as needed and given verbal support and 114 encouragement. A brief overview of the methods described in full within the published study 115 protocol is given below. 19 Three trials were performed per participant, with the best time recorded for 120 analysis. 121
Secondary outcomes 122
Additional Performance Measures 123
Isometric handgrip test and the 5-time repeated chair stand were used to assess upper-and 124 lower-body strength, respectively. Participants performed the handgrip test seated, with their elbow 125 flexed at 90 0 and were asked to squeeze the Jamar dynamometer (Sammons Preston Roylan, 126
Bolingbrook, IL) a as hard as possible for several seconds. 21 Three trials were conducted using the 127 dominant hand, with the best trial used in analysis. For the 5-time repeated chair stand task, the 128 participants were asked to complete five sit to stands in a short as time as possible with their arms 129 across the chest. 19 Only one trial of the chair stand was performed due to the fatigue associated with 130 this task in this population. 131
Balance was assessed using the SPPB hierarchical test of standing balance. 19 This assessment 132 requests the participant to stand unaided for a period of 10 seconds in three progressively more 133 difficult stance positions (two feet side by side, semi-tandem and tandem stance). 134
Body Composition 135
Body composition (muscle and fat mass) was measured using Bioelectrical Impedance 136 
Demographics and Health Status 141
The demographic and health status variables included in the study have been described in the 142 protocol paper. 18 Many of these variables were based on those used by Landi et al. 23 who estimated 143 the prevalence and risk factors of sarcopenia in 122 Italian nursing home residents. Height and 144 bodyweight were measured on the assessment day using standard methods. Demographics and health
In addition, women where asked about their age at menopause. The number and type of diseases and 148 medications, date of birth and entry into the facility, marital status, language spoken, hospitalisation 149 history, falls within the last six months, bone mineral density diagnosis (normal, osteopenic or 150 osteoporotic) and the ACFI rating at entry and at present were obtained from facility records. 151
Mental Health 152
Potential levels of cognitive impairment and depression were assessed using the Mini-Mental 153
State Examination questionnaire (MMSE) and the Geriatric Depression Scale (GDS-15), 154 respectively. 24, 25 The MMSE classifies participants as normal cognition (25-30) or mild (21-24), 155 moderate (14-20) or severe (< 13) cognitive impairment. 26 The GDS summary scores classifies 156 participants as no (0-4), mild (5-8), moderate (9-11) or severe (12-15) depression. 25 
157
Physical Activity 158
Physical activity levels over the last the last seven days were assessed by the International 159
Physical Activity Questionnaire (IPAQ) Short Form. 27 Questions assessed the frequency and duration 160 of vigorous and moderate physical activity as well as walking and sitting over the prior seven days. 161
Additional questions were asked about levels of physical activity prior to the age of 50 years (Were 162 you physically active prior to the age of 50 years?) and post-retirement (Were you physically active 163 after retirement?) to gain a better understanding of historical physical activity patterns. 164
Nutritional Status 165
The Mini-Nutritional Assessment Instrument (MNA) was used to assess nutritional status. 166
The MNA involves four main aspects (anthropometric, and a global, dietary, and subjective 167 assessment), and is a recommended screening tool for all levels of aged care by the Dieticians 168 Association of Australia. 30 The Activity-Specific Balance Confidence (ABC) questionnaire was used to assess fear of 174 falling during 16 activities.
31,32 The total ABC score ranged from 0-160 with a score of 160 indicating 175 complete confidence in all activities. 176
Statistical Analysis 177
Descriptive statistics are presented as mean and SD for continuous variables, and counts and 178 percentages for categorical variables. In cases where participants were unable to complete a physical 179 measure, they were given the lowest possible score, generally zero. When participants were unable to 180 complete self-report questions, the variable was left blank. The prevalence of low habitual walking 181 speed was defined at two thresholds, these being: 0.8 m/s which is indicative of sarcopenia 5 and 0.5 182 m/s which is indicative of increased adverse health risks for those aged over 80 years.
12 Potential 183 predictors of walking speed (treated as a continuous variable) were determined by the use of linear 184 regression. Univariable analysis using all demographic variables and secondary outcomes (with the 185 exception of the SPPB summary score) as potential predictors was used initially to identify possible 186 predictors of walking speed. The SPPB summary score was not included as a potential predictor of 187 walking speed, as walking speed is one of three tests comprising the SPPB summary score. Those 188 factors that were significant at the 0.10 level in the univariable model were included in a multivariable 189 model to determine which combination of factors best predicted walking speed. Backwards stepwise 190 regression was used in the multivariable analysis, with a statistical significance level of p<0.05 for the 191 final set of factors. All analyses were conducted using Stata 11.2 (StataCorp). Table 2 ). Of these, the strongest predictor was physical activity status 210 prior to 50 years of age, with those active to 50 years walking on average 0.32 (95% CI 0.12 -0.52) 211 m/s faster than those inactive at that age. 212
213
Insert Table 2 about here 214
215
The multivariable linear regression involving all independent secondary outcomes identified 216 two factors (physical activity status before 50 years and daily sitting time) that predicted walking 217 speed with a r 2 of 0.25 (see Table 3 ). Physical activity prior to 50 years of age was the strongest 218 The residents' mean walking speed was of major concern as it was below the lower 226 of prior physical activity levels was consistent with previous community-dwelling older adult 237 research, where physical activity levels in middle-age are established predictors of walking speed and 238 overall health in later life.
33,34 Our results were however inconsistent with previous studies involving 239 community dwelling older adults [14] [15] [16] and nursing home residents 17 where current physical activity 240 levels, falls, strength and/or balance were predictors or significantly correlated to walking speed. The 241 mechanisms underlying the contrasting results of our study to the community dwelling older adult 242 literature and the relative lack of significant predictors may have reflected several between-study 243 variations. Such variations may have existed in sample size and characteristics, the tendency for some 244 of our assessments to exhibit floor effects more so than would be seen in community dwelling older 245 adults or the probability that some nursing home residents were experiencing transient decreases in 246 health and function at the time of their assessments. Our results therefore suggest that future research 247 is required to better identify the risk factors and mechanisms underlying poor walking speed in 248 nursing home residents. 249
Due to their high prevalence of low walking speed, we recommend that nursing homes 250 strongly consider performing (at least) annual assessments of their residents' walking speed, with 251 initial assessments conducted upon entry and used as the residents' reference value. 
Study Limitations 259
By randomly selecting residents from 11 public nursing homes in low care, high care and 260 dementia settings to obtain a representative sample, we were better able to quantify the true walking 261 speed of nursing homes residents. However, we acknowledge that we only recruited 37% of the 262 eligible participants, that the reliability of some of our measures may be affected by the inclusion of 263 residents with dementia and that the predictors of walking speed may differ in residents with different 264 care needs. The reliability issue may especially affect self-report measures such as physical activity 265 status prior to 50 years of age, which was the strongest predictor of walking speed but was also 266 answered positively by 91% of the sample. In support of our approach, recent studies of nursing 267 home residents have used very similar physical performance and self-report data to predict similar 268 outcomes to what we used.
17,23 Further, Fox et al. 36 reported adequate relative reliability of many of 269 these measures in nursing homes residents with diagnosed dementia. We therefore feel our random 270 selection of eligible residents including those with dementia is a valid approach that increases the 271 generalizability of the data compared to other studies that excluded those with dementia and other 272 advanced care needs. 273
274
Conclusion 275
Based on our results and a recent meta-analysis, 13 low habitual walking speed appears 276 endemic in nursing homes residents internationally. Similar to studies involving community-dwelling 277 older adults, 15,33 our multivariable regression analysis identified being physically active prior to 50 278 years of age and minimising daily sitting time as being protective of walking speed. As these two 279 factors only accounted for 25% of the variance in walking speed, future studies in this population 
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
